Identification of a novel nuclear localization signal common to 69- and 82-kDa human choline acetyltransferase.
We demonstrated previously that 69- and 82-kDa human choline acetyltransferase are localized predominantly to the cytoplasm and the nucleus, respectively. We have now identified a nuclear localization signal common to both forms of enzyme using confocal microscopy to study the subcellular compartmentalization of choline acetyltransferase tagged with green fluorescent protein in living HEK 293 cells. To identify functional nuclear localization and export signals, portions of full-length 69-kDa choline acetyltransferase were cloned into the vector peGFP-N1 and the cellular distribution patterns of the fusion proteins observed. Of the nine constructs studied, one yielded a protein with nuclear localization and another produced a protein with cytoplasmic localization. Mutation of the critical amino acids in this novel putative nuclear localization signal in the 69- and 82-kDa enzymes demonstrated that it is functional in both proteins. Moreover, 69-kDa choline acetyltransferase but not the 82-kDa enzyme is transported out of the nucleus by the leptomycin B-sensitive Crm-1 export pathway. By using bikaryon cells expressing both 82-kDa choline acetyltransferase and the nuclear protein heterogeneous nuclear ribonucleoprotein with green and red fluorescent tags, respectively, we found that the 82-kDa enzyme does not shuttle out of the nucleus in measurable amounts. These data suggest that 69-kDa choline acetyltransferase is a nucleocytoplasmic shuttling protein with a predominantly cytoplasmic localization determined by a functional nuclear localization signal and unidentified putative nuclear export signal. For 82-kDa choline acetyltransferase, the presence of the unique amino-terminal nuclear localization signal plus the newly identified nuclear localization signal may be involved in a process leading to predominantly nuclear accumulation of this enzyme, or alternatively, the two nuclear localization signals may be sufficient to overcome the force(s) driving nuclear export.